Introduction
Perchlorate (ClO 4 -) is a component of solid phase rocket fuel and other industrial products that is being discovered with increasing frequency in the environment. Perchlorate interferes with iodine uptake by the thyroid gland and is associated with disruption of thyroid function, potentially leading to thyroid tumor formation [1] [2] [3] . In 1999 the US Environmental Protection Agency (EPA) required drinking water monitoring for perchlorate and stipulated the protective health level dosage of ClO 4 -as 3 × 10 -5 mg/kg/day [4] . In the last several years interest in the determination of perchlorate ion (ClO 4 -) levels in environmental matrices (soil and water) and food samples has significantly increased. Prior to the 1990s, the analytical methods for the determination of ClO 4 -were based on gravimetric or spectrophotometric techniques [5] . In the 1990s, mass spectroscopy and separation methods, such as ion chromatography and capillary electrophoresis, began to dominate [6] [7] [8] . The main drawbacks of these techniques include the requirements of expensive instrumentation and/or extensive sample pretreatment. In this context, a miniature, sensitive, nontoxic and inexpensive sensor for the reliable in situ estimation of perchlorate levels in environmental samples is highly desirable. Ion selective electrodes (ISEs) are one way to address this need.
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Several perchlorate selective electrodes have been recently reported in the literature [9] [10] [11] [12] [13] [14] [15] . This body of research is concerned mainly with the development and synthesis of new ClO 4 -ion carriers (ionophores, receptors) for PVC-based plasticized membranes [10] [11] [12] [13] [14] [15] .
Commercial ClO 4 -ISEs, such as those based on an organophylic membrane containing a perchlorate-selective ion exchanger [16] , are available but not suitable for direct measurements in soils and small volume aqueous samples because they are relatively large (diameter 1-2 cm, length 10-15 cm) and structurally rigid. In addition these off-the-shelf ISEs are relatively expensive to purchase and maintain (on the order of several hundred $ per several months of laboratory measurements), an issue that is especially important when numerous sensors are required for synoptic sampling.
Conducting polymers are attractive candidates for sensing material in ISEs [17] [18] [19] [20] [21] [22] [23] . In their oxidized state these polymers show high selectivity toward the dopant ion, a selectivity which depends more on the size of the ion than its lypophilicity [17, 18, 24] . A variety of potentiometric ISEs based on doped polypyrrole (PPy) films have been reported [17] [18] [19] [25] [26] [27] [28] [29] . The main drawback of these electrodes is their relatively rapid deterioration (over the span of a few months) due to the PPy layer's sensitivity to light and oxygen [18] . Over the last decade thiophene-based conducting polymers have been studied extensively, especially poly(3,4-ethylenedyoxythiophene) (PEDOT) [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . For sensor applications this polymer is attractive mainly due to its environmental stability in the oxidized state combined with its high conductivity (up to 1000 S/cm). Thus, PEDOT-based ion selective sensors are expected to deteriorate slower than, for example, PPy-based electrodes. Recently Bobacka et al.
reported using PEDOT as ion-to-electron transducers in a potassium (K + ) ISE and briefly mentioned using PEDOT for chloride ion (Cl -) sensing [41] .
Here we report for the first time on the development of a stable solid state potentiometric dried in oven at 80-100 °C before use. All aqueous solutions were prepared using deionized water with a resistivity ≥ 18 MΩ × cm (Ultrapure Water System, Nanopure Infinity, Inc.).
Carbon substrates for PEDOT electrodeposition
Commercial glassy carbon (GC) 3 mm diameter disk electrode (Bioanalytical Systems, Inc., area = 0.07 cm 2 ), pencil lead (PL) [28] and carbon fiber (CF) [29] 
SEM analysis and film thickness measurements
The surface of the carbon fibers and PEDOT films was observed using a cold field emission scanning electron microscope (SEM, Hitachi S4700). The thickness of the polymer layers was evaluated from the SEM images by comparing uncoated and PEDOT(ClO 4 -) coated fibers. 
Results and discussion

Electrochemical synthesis of PEDOT(ClO 4 -) films and their potentiometric response to
Lifetime of PEDOT(ClO 4 -) solid state sensors
One of the advantages of PEDOT vs. polypyrrole and other conducting polymers is its high stability in the oxidized form [30, 31] Table 1 indicate no changes in sensor response over an eight month period (slope changes between 3 days and 8 month after deposition are up to 2.8 mV which is within the range of experimental error; there is also no decrease in the linear range and detection limits). To our knowledge, this is the first example of a stable solid state potentiometric perchlorate ion sensor based on PEDOT films.
Topography and thickness of PEDOT(ClO 4 -) films
In order to estimate topography and thickness of polymer layers, single carbon fibers The surface of the polymer coating is rough, especially when cyclic voltammetry and chronopotentiometry with high current densities were used for polymerization. Thickness of the layer varies spatially along the sensor. According to SEM images, PEDOT layers of 8.0 ± 0.8, 1.55 ± 0.05 and 4.6 ± 1.1 µm were obtained for the deposition conditions described in Fig. 3 (top right, bottom left and bottom right, respectively).
Ion selectivity and pH dependence of PEDOT(ClO 4 -) sensor
The influence of various inorganic and organic anions on the performance of the PEDOT(ClO 4 -) sensor was studied for 15 anions employing a fixed interference method [42] The estimated selectivity coefficients of the PEDOT(ClO 4 -) sensor are summarized in Table   2 . The main interfering anions (10-15% interference) were found to be thiocyanate, carbonate and iodide. SCN -and I -are known to be strong lipophilic anions [24] . This result Table 2 ) is less significant and the selectivity is similar to commercial ClO 4 -ISE [16] .
In order to study effect of pH on the performance of PEDOT ( 
Effect of temperature on the performance of PEDOT(ClO 4 -) sensor
The Nernst equation predicts ~ 2 mV increase in slope (absolute value) per 10 °C temperature increase. The effect of temperature on the performance of PEDOT(ClO 4 -) was studied by measuring the potentiometric responses of two different sensors over a temperature range of 10 to 70 °C (with 10 °C step changes). Table 3 summarizes the data for three temperatures (10, 40 and 70 °C). 
